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ABSTRACT 

On manned p l a n e t a r y  e n c o u n t e r  m i s s i o n s  t h e  q u a l i t y  
and q u a n t i t y  o f  data  r e t u r n e d  from b o t h  on-board and r emote  
s e n s o r s  are  i n c r e a s e d  by r e d u c i n g  t h e  s p a c e c r a f t  p l a n e t a r y  
p a s s a g e  d i s t a n c e .  A d j u s t i n g  p e r i a p s i s  a l t i t u d e  a t  p l a n e t  
e n c o u n t e r  i s  e q u i v a l e n t  t o  changing  t h e  d e p a r t u r e  a sympto te  
of t h e  s p a c e c r a f t  t r a j e c t o r y .  It i s  shown t h a t  t h e  AV re- 
qu i r emen t  to change a n  of f -nominal  d e p a r t u r e  a sympto te  to 
nomina l  i s  approximated  b y  Vo3A@, where A @  i s  t h e  a n g l e  be- 
tween  t h e  r e s p e c t i v e  d e p a r t u r e  a s y m p t o t e s .  An u p p e r  bound 
estimate of AV i s  0 . 6  Vm AR /R where R i s  t h e  p e r i c e n t e r  
d i s t a n c e  . P. P f  P 

E v a l u a t i o n  o f  t h r e e  m i s s i o n s  s e l e c t e d  by the p l a n e -  
t a r y  J o i n t  A c t i o n  Group ( J A G )  as t h e i r  b a s e l i n e  m i s s i o n s  r e v e a l s  
t h a t  t h e  AV r e q u i r e m e n t s  t o  a c h i e v e  a 3 0 0  km p e r i a p s i s  a l t i t u d e  
a t  e a c h  p l a n e t  mag b e  s i g n i f i c a n t .  T h e r e f o r e ,  t h e  c h o i c e  o f  a 
nominal  t r a j e c t o r y  for miss ion  a n a l y s i s  and p l a n n i n g  i s  impor- 
t a n t .  If b a l l i s t i c  t r a j e c t o r i e s  w i t h  c l o s e  p l a n e t  p a s s a g e  do  
n o t  e x i s t ,  i t  w i l l  b e  n e c e s s a r y  t o  make a t r a d e o f f  between AV 
r e q u i r e m e n t s  and sys t em rea-uirernents  a s s o c i a t e d  w i t h  da t a  ac-  
q u i s i t i o n .  
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I N T R O D U C T I O N  

On manned p l a n e t a r y  e n c o u n t e r  m i s s i o n s  a s i g n i f i c a n t  
q u a n t i t y  o f  da ta  g e n e r a t e d  d u r i n g  p l a n e t  e n c o u n t e r  w i l l  b e  
from on-board s e n s o r s ,  such  as a t e l e s c o p e  camera sys t em,  wide 
f i e l d  camera,  m u l t i - s p e c t r a l  camera,  m u l t i - s p e c t r a l  s c a n n e r ,  
magnetometer  and radar  imager .  G e n e r a l l y ,  t h e  r e s o l u t i o n  o f  
t h e  p h o t o g r a p h i c  s y s t e m s  i s  i n v e r s e l y  p r o p o r t i o n a l  to t h e  d i s -  
t a n c e  from t h e  p l a n e t  and t h e  r e s o l u t i o n  o f  t h e  radar  imager  i s  
i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  f o u r t h  power o f  t h e  d i s t a n c e  from 
t h e  p l a i i e t .  Tile amount of  data  c o l l e c t e d  from t h e  s e n s o r s  c a r -  
r i e d  b y  a e r o  drag p r o b e s ,  l a n d e r s ,  e t c . ,  w i l l  b e  dependent  on 
t h e  b i t - r a t e s  of  t h e  s e n s o r s .  The b i t - r a t e  i s  i n v e r s e l y  p ro -  
p o r t i o n a l  t o  t h e  s q u a r e  o f  t h e  t r a n s m i s s i o n  d i s t a n c e .  Thus,  
t h e  q u a n t i t y  and q u a l i t y  o f  data  r e t u r n e d  from b o t h  on-board 
and remote s e n s o r s  are i n c r e a s e d  b y  r e d u c i n g  t h e  s p a c e c r a f t  
p e r i a p s i s  p a s s a g e  d i s t a n c e .  

Pending  f u r t h e r  i n v e s t i g a t i o n ,  a nominal  p e r i a p s i s  
a l t i t u d e  no  c l o s e r  t h a n  300 km a p p e a r s  r e a s o n a b l e  a t  b o t h  Venus 
and  Mars. Recent  s t u d i e s  of e n c o u n t e r  m i s s i o n  t r a j e c t o r i e s  
have n o t  c o n s t r a i n e d  t h e  p e r i a p s i s  a l t i t u d e ,  s o  t h e  e x i s t e n c e  
o f  f r e e  b a l l i s t i c  t r a j e c t o r i e s  h a v i n c  a p e r i a p s i s  a l t i t u d e  o f  
300 km has n o t  been shown i n  e v e r y  c a s e .  It i s  shown t h a t  t h e  
AV r e q u i r e m e n t s  t o  a c h i e v e  300 km p e r i a p s i s  a l t i t u d e  may be  s i g -  
n i f i c a n t .  

T E C H N I C A L  DISCUSSION 

I n  g e n e r a l ,  a n a l y s e s  of  p l a n e t a r y  m i s s i o n s  u s e  p a t c h e d  
c o n i c  s e c t i o n s  to c a l c u l a t e  h e l i o c e n t r i c  t r a j e c t o r i e s .  The 
p l a n e t o c e n t r i c  p o r t i o n  o f  t h e  t r a j e c t o r y  i s  d e t e r m i n e d  by t h e  
approach  and d e p a r t u r e  asymptotes  of  t h e  h e l i o c e n t r i c  t r a n s f e r  
l e g s .  The c o r r e s p o n d i n g  p e r i a p s i s  a l t i t u d e  i s  computed i n  o r d e r  
t h a t  t h e  s p a c e c r a f t  t r a j e c t o r y  have t h e  a p p r o p r i a t e  t u r n  a n g l e  
( F i g u r e  1). Because o f  t he  t e c h n i q u e  u s e d ,  p e r i a p s i s  a l t i t u d e s  
v a r y  from b e n e a t h  t h e  s u r f a c e  t o  s e v e r a l  t housand  k i l o m e t e r s  
above t h e  s u r f a c e .  
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The t u r n  a n g l e  and p e r i a p s i s  a l t i t u d e  s a t i s f y  t h e  
e q u a t i o n  : 

where 
9 i s  t h e  t u r n  a n g l e ,  
R i s  t h e  p e r i c e n t e r  d i s t a n c e ,  
Vm i s  t h e  h y p e r b o l i c  e x c e s s  v e l o c i t y ,  and 
1.1 i s  t h e  g r a v i t a t i o n a l  p a r a m e t e r .  

P 

A change i n  R y i e l d s  a d i f f e r e n t  $I v a l u e ,  which i s  
P 

e q u i v a l e n t  t o  chang ing  t h e  d e p a r t u r e  ( a p p r o a c h )  a sympto te  i f  t h e  
approach  ( d e p a r t u r e )  asymptote  i s  f i x e d .  I f  t h e  s p a c e c r a f t  goes  
t h r o u g h  a t u r n  a n g l e  o t h e r  t han  nomina i ,  a AV must be a p p l i e d  t o  
change t h e  d e p a r t u r e  asymptote  t o  c o i n c i d e  w i t h  t h e  nominal  de- 
p a r t u r e  a sympto te .  The d e p a r t u r e  a sympto te s  may b e  t h o u g h t  o f  
as v e c t o r s  h a v i n g  magnitude Vm,  and  t h e  AV r e q u i r e m e n t  ( f r o m  
F i g u r e  1) i s  

AV = 2Vw s i n  

For A @  < 2 0 ° ,  s i n  - A$ % Q, which i m p l i e s  
2 - 2  

AV = VmA@. ( 3 )  

To compute t h e  AV r e q u i r e d  t o  change p e r i a p s i s  a l t i -  
t u d e  t o  300  km, t h e  d i f f e r e n c e  i n  t u r n  a n g l e s ,  A$,  must be de- 
t e r m i n e d .  The nominal  t u r n  a n g l e  may b e  found by u s i n g  F i g u r e  2 ,  

which c o n t a i n s  t h e  g r a p h s  o f  t u r n  a n g l e ,  9 ,  v e r s u s  R V: f o r  Venus 
and  Mars. The t u r n  a n g l e  f o r  a p e r i a p s i s  a l t i t u d e  of 300 k m  may 
be  o b t a i n e d  from F i g u r e  3. 

P 

An u p p e r  bound estimate on t h e  v a l u e  o f  A$ f o r  small 
changes  i n  R may be o b t a i n e d  i n  t h e  f o l l o w i n g  f a s h i o n .  D i f f e r -  

e n t i a t i n g  Equa t ion  (1) y i e l d s :  
P 

d R  

P 

-d$, = -F 2 e-1 p 
e e + l  R (4) 
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where e = 1 + R V 2 . The c o e f f i c i e n t  of  d R  /R h a s  a maximum v a l u e  

bound e s t i m a t e  i s  A $  r(, d$ < 0 . 6  AR / R  . 
P "  P P  a p p r o x i m a t e l y  0 . 6  ( F i g u r e  4 ) .  

A V  i s  0.6 V A R  /R . 

Thus ,  f o r  small v a l u e s  o f  AR t h e  

The r e s u l t i n g  bound P on 
- - P P  

" P P  

I n  chang ing  t h e  p e r i a p s i s  a l t i t u d e ,  t h e  p o s i t i o n  o f  

Thus,  t h e  same t e c h n i q u e  may b e  u s e d  to d e t e r -  
p e r i a p s i s  r e l a t i v e  to t h e  approach  a s y m p t o t e  i s  a l t e r e d  b y  
A$/2 d e g r e e s .  
mine t h e  AV r e q u i r e m e n t  to a l t e r  p e r i a p s i s  p o s i t i o n .  

4.P P L I c AT I ON 
The t e c h n i  

r e q u i r e m e n t s  to a c h i  
e n c o u n t e r  f o r  t h r e e  
p l a n e t a r y  J o i n t  A c t i  
The f o l l o w i n , g  t a b l e  

t h e  AV to a c h i e v e  a 
i l r n  uuL d t 0 C C J I I I ~ J  I U ~  e A @ , 

.que 
e v e  
p l a n  
on G 
l i s t  
the 
300- 

d e s c r i b e d  was used  to es t imate  t 
a 300-km p e r i a p s i s  a l t i t u d e  a t  p 
e t a r y  e n c o u n t e r  m i s s i o n s  s e l e c t e  
roup ( J A G )  as t h e i r  b a s e l i n e  m i s  
s t h e  t y p e  o f  t r a j e c t o r g :  t h e  pa  
c o r r e s p o n d i n g  bound es t imate  on 
km p e r i a p s i s  a l t i t u d e .  

he  AV 
l a n e t  
d by  t h e  
s i o n s .  
rzmeters 
A $ ,  and  

Bound 
E s t i m a t e  A V  

A $  o f  A $  
Nominal R 

M i  s s i o n  (km/sec)  (km) ( d e g r e e s )  ( d e g r e e s )  (km/sec)  
P co v 

.224 1.5 3.7 1975 Dlars 8.56 3350* 
1977 T r i p l e  P l a n e t  

1st Venus E n c o u n t e r  6.70 6787 1 . 0  2.2 .117 

h.rs E n c o u n t e r  4.37 7290 17.0 16.9 1.30 

2nd Venus E n c o u n t e r  7.13 6804 2 . 0  2.3 .250 

1978 Dual P l a n e t  

Venus E n c o u n t e r  1 0 . 4 6  7270 3.3 4.3 .602 
Mars E n c o u n t e r  5.41 3530 1 . 0  1.8 .094 

"Nominal R i s  l e s s  t h a n  p l a n e t  r a d i u s .  
P 
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SUMMARY AND CONCLUSION 

- 4 -  

On manned p l a n e t a r y  e n c o u n t e r  m i s s i o n s  t h e  q u a l i t y  
and  q u a n t i t y  of da ta  r e t u r n e d  f rom b o t h  on-board and  r emote  
s e n s o r s  a re  i n c r e a s e d  by r e d u c i n g  t h e  s p a c e c r a f t  p l a n e t a r y  
p a s s a g e  d i s t a n c e .  I f  p e r i a p s i s  a l t i t u d e  i s  t o  b e  a l t e r e d ,  
e i t h e r  t h e  approach  o r  d e p a r t u r e  a s y m p t o t e  may b e  changed .  
The AV r e q u i r e m e n t  i n  e i t h e r  c a s e  i s  a .pproximated by VmAQ 
where A Q  i s  t h e  d i f f e r e n c e  i n  t u r n  a n g l e s .  

From t h e  da ta  above,  i t  can  be  s e e n  t h a t  t h e  AV re- 
q u i r e m e n t  f o r  c l o s e  p l a n e t  p a s s a g e  may be  s i g n i f i c a n t .  There- 
f o r e ,  t h e  c h o i c e  o f  a nominal t r a j e c t o r y  f o r  m i s s i o n  a n a l y s i s  
and  p l a n n i n g  i s  i m p o r t a n t .  If b a l l i s t i c  t r a j e c t o r i e s  w i t h  
c l o s e  p l a n e t  p a s s a g e  do n o t  e x i s t ,  it w i l l  b e  n e c e s s a r y  to 
make a t r a d e o f f  between AV r e q u i r e m e n t s  and  s y s t e m  r e q u i r e m e n t s  
a s s o c i a t e d  w i t h  data  a c q u i s i t i o n .  

1 O 1 4  - CLG-ans C .  L.  Greer 

At t achmen t s  
F i g u r e s  1 - 4  



FIGURE I - ENCOUNTER GEOMETRY 
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